The aim of the present study was to extend our understanding of international trends in stroke and major sequelae in Europe and countries peripheral to Europe by assessing: (1) current mortality rates, (2) the most recent 15-year prevalence trends, and (3) the relationship between systolic blood pressure in community surveys and national stroke mortality.
Introduction
Stroke has long been recognized as a major problem for public health. One, stroke ranks third (after MI and cancer) as a cause of death around the world. 1 Two, stroke is responsible for 3% of adult disability 2 and analyses based on vital record and data imputation have established that the 15 million incident strokes occurring each year around the world result in 5 million deaths and an additional 5 million patients living with permanent sequelae and dependency. 1 Three, because of the progressive ageing of the population, and the increased prevalence of major risk factors for stroke (hypertension, diabetes, obesity, etc.), stroke is expected to increase in the coming decades, leading to the prediction being that the rate of stroke may double by the year 2020. 2 The above situation justifies current emphasis on the need to control risk factors that are responsible for the majority of strokes, above all hypertension. 3 -7 It also justifies the growing attention being given to the prevalence of stroke and its temporal trends in different regions of the world, in order to incorporate new knowledge and have a better global insight into factors, (genetic, environmental, and health care system), that play a major role in determining stroke occurrence and outcomes. This has led to interesting although unexplained observations. For example, North American countries appear to have a markedly lower stroke mortality than Europe, 8 -10 which is in turn characterized by a highly heterogeneous mortality rate between different countries and regions. 8, 9 Also, although the burden of stroke has declined monotonically in many countries since 1900, 11 an increase has been reported in the second part of the 1st century for countries such as Portugal and from 1990 the stroke burden has shown an unexpected and startling new rise in the former Soviet Union and Eastern European countries. 12, 13 The aim of the present study was to extend our understanding of these international trends in stroke by assessing its mortality rate as well as recent 15-year trends using detailed data from Europe and countries peripheral to Europe, as available from the World Health Organization (WHO). Another goal of the study was to examine the extent to which these data can be used as a marker of the burden of uncontrolled hypertension in populations, given that an elevated blood pressure accounts for about two-thirds of strokes worldwide. 14 
Materials and methods

Study population
This analysis is based on information provided in the electronic databases of the WHO (www.who.int/whosis/database/mort/table.cfm). All data represent the vital statistics as reported from individual country ministries using a standard format. Stroke mortality (International Classification of Diseases 430 -438, 444) rates stratified by age and sex are presented for countries in the region with a population of 500 000 or more. Rates were not computed for countries with a very low level of vital registration, ,60%. Coverage was calculated for each country by dividing the number of stroke deaths reported for any given year by the total number of deaths estimated by WHO for the population of that country during that year. The WHO national population death estimate was based on the UN Population Division, 2006 revision.
It should be noted that the WHO estimates may not be completely accurate. First, for a given country data may not be entirely comparable due to incomplete vital registration, coverage of only some parts of the national population, or differences between the vital registration population and the de facto population as estimated by UN. Second, some national vital registration systems may record not only deaths of permanent residents but all deaths occurring in the country. Third, in some other cases deaths of citizens living abroad are included. No data were available in subjects ,45 years of age. However, the total number of deaths is this group is known to be negligible. The WHO estimates of death rates by age and sex were adjusted for incompleteness and used to obtain the total number of deaths per country.
Mortality data
We included data from 35 countries (see Table 1 ) in Europe and Central Asia. A subset of countries from both geographical areas were excluded (Iceland, Luxemburg, Malta, San Marino and Turkey) due to absence of the required information. The data were obtained by permission of the WHO Office.
The total numbers of deaths produced by stroke and the age-and sex-adjusted incidence of fatal stroke were obtained for each country and grouped according to three demographic categories as designated by the WHO 15, 16 : Category A, countries with very low child and adult mortality; Category B, countries with low child and adult mortality; category C, countries with low child and high adult (see Table 1 ).
Statistical analysis
A Bayesian linear mixed effect model 17 was fitted to the annual mortality rates with the year as an explanatory variable in the 39 countries analysed. Fixed effects were used to model the average linear trend for the three groups of countries. Random effects, for both the intercept and slope of the trend, have been included in the analysis to model the deviation of a country within its grouping. Independent standard deviations have been considered for the random effects in each of the three groups. Non-informative uniform prior distributions have been used for the coefficients of the fixed effect terms and for the standard deviations of the random effects. Results are presented as the mean and the 95% confidence interval. Inference on the Bayesian mixed effect regression model was made with the software WinBUGS 1.4.3. Data management and graphical representation of the results (including maps) were made with the R Statistical package (version 2.8.1).
Results
Stroke mortality, 2002
Across all countries, a total of 1 226 144 stroke deaths were recorded. There was a large excess mortality for stroke in women as compared with men (739 000 vs. 487 000, respectively), a consequence primarily of the female life expectancy advantage. Because stroke is pre-eminently a disease of the elderly, 60% of deaths occurred in persons .75 years old and only 4% in subjects ,55. A strong age-sex interaction was thus apparent. Below 65 years of age the stroke mortality rates were significantly higher among men (male/female ratio ¼ 1.72), whereas this relationship was reversed over 75 years of age (male/female ratio ¼ 0.42). In absolute terms the mortality burden was maximal in the countries from Group C (n ¼ 673,601), followed by Group A (n ¼ 397,473) and B (n ¼ 155,070). Although stroke mortality in all countries was concentrated in the oldest age groups, substantial numbers of deaths were observed among the younger individuals.
Age-and sex-adjusted stroke mortality rates per 100 000 inhabitants are presented in Table 1 . Higher mortality rates for women as compared with men persisted in the majority of the countries, although this is in part a result of incomplete adjustment for age among the very elderly when 10 year age strata are used. Higher rates of stroke mortality were observed in countries in Groups B and C compared with those in Group A. Even though the mortality rates within the groupings were relatively homogeneous, some outliers were observed. For example, in Group A, Greece and Portugal had rates twice the average. Large deviations from average values were also observed in Group B (highest rate in Bulgaria and Romania) and in Group C (highest rates in Latvia and the Russian Federation).
The higher rates of stroke mortality observed in Group B and C countries as compared with those in Group A were higher in the youngest groups. The stroke mortality rate in Group B was four times more than in Group A in subjects ,65 years while it was only 1.7 times more in .75 years for men and women. Likewise, in Group C it was 5 times more than in Group A in the youngest and 1.8 times in the oldest. 
Trends in stroke mortality, 1990 -2006
Linear trends in stroke mortality were fitted for each group of countries, separately for males and females, using the mixed effect model. The corresponding average regression lines for every group of countries are shown in Figure 1 . In Group A stroke mortality decreased sharply from 1990 to 2006 whereas in Group B and to a lesser extent in Group C an increase was observed. For each of the three country groupings the rate of mortality in the year 1998 (the mid-year of the study period), the annual variation during the whole period, and the standard deviations of the random effects around the mean of its group, is presented in Table 2 . Data refer to individual countries. In both sexes the highest mortality rates were seen for Group C followed by sequentially by Groups B and A. The annual increment was higher for Group B than for Group C, although the difference was not statistically significant. The standard deviation of the annual variation among countries was lower in Group A than in Group B or C, indicating greater homogeneity. Disaggregated country-specific data are summarized in Figure 2 in which the geographical distribution of the mortality rate for stroke is shown for the mid-year of the study period, i.e. 1998. For both sexes the stroke mortality rate shows marked between-country variations with a clear tendency to increase sharply moving from west to east. There were nevertheless also clear exceptions. For example, Portugal is at the upper range of mortality risk while Kyrgyzstan appears to be relatively low. For men, the country with the highest rate of stroke mortality is Bulgaria (267.6) whereas, the lowest mortality rate was observed in Israel (45.1). For women, the country with the highest rate is the Russian Federation (351.0), while the lowest rate was again Israel (51.6). Figure 3 presents the geographic distribution of the annual rate of change in stroke mortality during the period 1990-2006 in each country, again based on mixed effects model. In general Western Europe has experienced a consistent decrease in stroke mortality. However, in Eastern Europe a single homogeneous pattern is not apparent, and countries with virtually no temporal changes can be seen vis-à-vis countries in which a considerable increase in mortality is recorded. For men the country with the highest annual increase in mortality rate is Serbia and Montenegro (annual increase of 6.9 deaths per 100 000 men), while the lowest one is Portugal (24.9). For women, the country with the highest annual increase is again Serbia and Montenegro (9.1) while the greatest decrease is seen in Austria (25.4) .
Discussion
A downward trajectory in stroke mortality has been the historical norm and in some countries this pattern has been documented from as early as 1900. 11 In this report, we extend the description of stroke mortality trends in Europe, Russia, Central Asia and a group of smaller countries in the European sphere to the last 15 years. The striking conclusion that emerges is that stroke mortality has entered a period of rapidly increasing inequality between countries. Countries which had attained low mortality rates reached in the latter part of the 20th century experienced further declines, while countries with moderate as well as high stroke mortality (Groups B and C in this report) at the start of the period being examined had a further unprecedented increase in this cause of death. 13, 18 The data reported in the present study from the WHO permit a detailed analysis of the impact of stroke mortality in Europe and the differences among countries since 1990. As noted, stroke continues to exact a disproportionate toll among women. This sex imbalance reflects an age-crossover effect, whereby rates are higher among men at a younger age, but the longevity advantage of women allows more of them to reach the age of greatest stroke risk. This pattern is also consistent with the age-related cross-over in blood pressure (BP) levels among men vs. women and the selective survival of healthier men to old age. Secondly, age-adjusted stroke mortality varies four-fold among European countries, and most strikingly the current trends are also highly divergent. While a constant decrease was observed in most countries, some other countries show persistently high rates and another subset experienced a steep upward trajectory which continued into the last year analysed. Third, in general, countries with the highest economic standard of living showed the lowest incidence and the greatest decline in stroke mortality. However, some exceptions should be noted. For example, Portugal and Greece showed high rates of stroke mortality in the baseline year, but despite this a continuous decline was observed. In contrast, and with some exceptions, lower income countries were found to not only have higher stroke mortality in 1990 but a persistent increase over time. Also to be noticed is that in countries such as Portugal and Greece the high rate of stroke mortality coexists with a prevalence of coronary heart disease, which is known to be among the lowest in Europe. 19 This can be explained for differences in the prevalence and control of some risk factors, mainly hypertension. The present data raise a series of important questions. Why are there such large differences among the European countries? How can this variation be reduced so that more populations share the benefits of cardiovascular prevention? The reason for the large differences is an intriguing question that deserves careful reflection due to the huge impact on health care. 20, 21 Considering the close relationship of stroke and BP independent of age and sex, simple variation in BP itself would appear to be a plausible explanation. A significant relationship in univariate and in a multivariate analyses between systolic BP and the stroke mortality among countries was reported for Johnston et al., 14 although the importance of systolic BP values was surpassed by the variable income. Low income is an important marker of risk since it reflects not only a combination of socioeconomic variables, such as income itself and unemployment, but also derived psychosocial and dietary factors, prevalence of classic cardiovascular risk factors and access to medical care. Furthermore, estimates of country income are more reliable than country-level systolic BP values, thus also favouring a more robust relationship for income than for systolic BP. 22 Prior ecological analyses-both among countries and among regions within countries-have shown a reasonably strong correlation between BP or hypertension prevalence and stroke mortality, 8, 9, 23 and the consistency of these relationships has suggested that stroke rates could serve as an outcome measure reflecting the success of high BP control efforts. It has also been recognized in the last few years that in populations with similar standards of living, such as North America and Western Europe, mean BPs among normotensive persons can vary substantially, presumably reflects the level of exposure to causal risk factors. 24 Taken together, this evidence suggests that at least part of the long-term decline in stroke has resulted from falling average BPs.
Wolf-Maier et al. estimated the prevalence of hypertension in Europe compared with the USA and Canada 8 and treatment strategies on Germany, Sweden, England, Spain, Italy, Canada, and the USA using national surveys conducted in the 1990s. 9 The prevalence of hypertension was 60% higher in Europe compared with the USA and Canada. Likewise, Redon et al. 25 in a cross-sectional study of population .60 years old in Spanish primary care centres, stroke mortality rates were significantly related to indexes of worse blood pressure handling, low control rates and high leftventricular hypertrophy, independent of age, sex, obesity, diabetes, and urban setting. Moreover, Boshuizen et al., 26 analysing 35-year follow-up data on mortality of stroke among subjects aged 65 years or more from nine cohorts of the Seven Countries Study, observed that past and recent SBP was related to stroke mortality. Asplund et al. 27 Stroke mortality and trends in Europe and Central Asia reported a progressive reduction in hospitalization and mortality for stroke from 1999. This reduction started with the introduction of the Canadian Hypertension Educational Programme and was in parallel with an increment in antihypertensive prescriptions. The gap between improving hypertension control and reducing stroke mortality, however, remains a matter deserving close study.
Hypertension remains the leading cause of mortality and the third largest cause of disability worldwide 29 . Although estimates vary, 30 the consistent message is that in Europe the proportion of patients with acceptable BP control is low even among those who are diagnosed and treated in the first place 31 . Likewise BP control differs among countries in Europe, although there are limited data based on studies conducted with the same methodology. Recognizing the difficulties in obtaining timely and comparable population surveys, alternative methods to assess the BP status across populations could be an important quality indicator for health systems. Assessing the incidence and trends of hypertension-induced clinical conditions could prove useful in this regard. Among the options for a surveillance measure, stroke incidence presents an attractive option. 32 If we assume that stroke mortality can serve as a proxy for average BP in a population, the data presented here clearly demonstrate the necessity to adopt actions to increase the diagnosis, treatment and hypertension control in the countries where the burden of hypertension sequelae is still growing. Policies to increase the rate of BP control offer the best approach, while primary prevention strategies must also be implemented.
The study has to be interpreted within the context of its limitations and strengths. With an ecological approach, we explored possible relationships between health statistics and population characteristics, stroke mortality rates, and prevalence of cardiovascular risk factors. Although inferences from associations observed in an ecological study may not necessarily pertain to the individuals within the group, especially when outcomes from long-term exposures were studied, they help to develop hypotheses for further evaluation with analytical studies and they have a distinct advantage because of their statistical power to detect small risks. Estimates may be subject to ecological bias 33 but neither theoretical nor empirical analysis has offered consistent guidelines for the interpretation of ecological analysis. In addition, changes in the codification of diseases over time can be contributed to some of the sharp jumps in mortality rates observed but the general trends would not result from the code changes.
Summary
Stroke mortality accounts for a large proportion of mortality in Europe and the trend is to increase in absolute numbers, due to an ageing population and for the increment observed in many countries. This underlying challenge which needs to be confronted is shifting the distribution curve of the blood pressure to the left in the population while increasing the rate of diagnosis, treatment and control of hypertension. Future studies should search for more detailed information concerning the role of stroke mortality as a proxy of the hypertension status in populations.
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